ABSTRACT
INTRODUCTION
Good quality water is of paramount importance not only to the well-being of man (WHO, 2003) but also other plants and animals in aquatic ecosystems of which planktons are inclusive. Thus, for consumption purposes, raw water from rivers is treated to portable condition in accordance with set standards (Kawo and Ajagbe, 2001; WHO, 1996) . Deviation from the standards make affected population to be exposed to ailments of various types some of which can be fatal (WHO, 2003) . According to Elliot (1996) , sources of pollution in inland and coastal waters of Nigeria include agro-chemicals (herbicides, pesticides etc); industrial effluents (heavy metals etc); domestic sewage and refuse; crude oil spillage and toxic petrochemical by-products. Other sources of harmful chemicals include 'poisonous' plants and plant byproducts, which are often used to catch fishes. This subsequently, contributes to water pollution with a lot of negative effects on some important aquatic fauna and flora (Omoregie, et al., 1995; Akingide, 2000; Kawo and Deeni, 2002) . The popular heavy metals include cadmium, chromium, cobalt, copper, lead, nickel and zinc. Results of several studies have shown that physical and chemical condition of aquatic ecosystems determine the occurrence, diversity and density of both flora and fauna in any given habitat, which may change with season of the year (Ayodele and Adeniyi, 2006; Okogwu and Ugwumba, 2006) .
The studies conducted by Abubakar (1998) and Hadiza (1998) both on pollution level caused by industrial effluent on the plankton of Challawa River, showed a positive indication of pollution in the river. Furthermore, Aminu (1988) reported a case of contamination by heavy metals such as nickel, copper, cadmium and cobalt in effluents from Sharada Industrial Area of Kano metropolis and concluded that there was likelihood that these metallic pollutants could pollute Challawa River since the effluents are finally drained into it. Consequently, the present study was conducted with the view to assessing the lead level in the Challawa River being one of the most important heavy metals with a lot of health implications on both humans and other organisms (aquatic species inclusive) since the river serves as a source of potable water in Kano metropolis and to determine its effect on the population dynamics of zooplankton in the river at the designated sampling sites.
MATERIALS AND METHODS
The Study Sites: Challawa River Challawa River is located within latitude 11 o 55'N and longitude 8 o 22'E and ranked as second largest river in Kano after Kano River. The river made a confluence with Kano River at Tamburawa village, some 20km from Kano closed settled zone. For decades, the river system sustains communities along its course, particularly agricultural activities. Kano State Challawa Waterworks is situated on the Challawa River.
Thus, the river provides sources of water for agricultural, industrial and domestic purposes in Kano metropolis. In addition, one of the major industrial estates in Kano is located around the river system i.e. the Challawa Industrial Estate and depends largely on the waterworks for its water needs. Similarly, significant parts of the urban Kano population rely heavily on the water for their domestic activities although the new Tamburawa Waterworks, that was about to be commissioned at the time of this compilation was expected to go a long way in alleviating some of the water needs in the state. This waterworks was hoped to provide 150 million M 3 of potable water daily (Africa, 2007 Sample Collection: Water samples were collected on fortnight basis between 8:00 -10:00 a.m. from July 2006 to December 2007 and analysed for its lead content and diversity, density and distribution of zooplankton in the samples.
Determination of Lead:
Atomic Absorption spectrometric method was adopted. a) Sample Digestion Procedure: Environmental Protection Agency (EPA) vigorous digestion method with slight modification (upward adjustment of samples and acid volumes to take care of low metal concentrations) as described by Gregg (1989) was adopted. The procedure involved transferring 100cm 3 of acidified water sample (pH = 2) from each of the sites into a Pyrex beaker with 10cm 3 conc. HNO 3 (Supplied by Sallymore (Nig.) Limited). The sample was always boiled slowly and evaporated on a hot plate to the lowest possible volume (about 20cm 3 ) before precipitation occurred. The beaker was cooled and another 5cm 3 concentrated HNO 3 added, returned to the hot plate and covered with a watch glass. The temperature of the hot plate was increased to obtain a gentle refluxing action. Heating was continued with addition of conc. HNO 3 as necessary till digestion was complete (shown by formation of a light-coloured solution). The sample was evaporated to dryness (but not baked). The beaker was cooled and 5cm 3 1:1 HCl (Supplied by Sallymore (Nig.) Limited) solution added, warmed again followed by the addition of 5cm 3 of 5N NaOH (Supplied by Sallymore (Nig.) Limited). The wall of the beaker and watch glass were washed with distilled deionised water and filtered. Blank was prepared in the same way as above (with 100cm 3 distilled deionised water) instead of the sample solution. b) pH Adjustment and Atomic Absorption Spectrometry: The filtrate was transferred to 100cm 3 volumetric flask and diluted to mark with distilled deionised water. The pH of the resulting solution was adjusted to 4 by drop wise addition of 5N NaOH solution. The above solution was analysed for the presence of lead using Atomic Absorption Spectrophotometer (AAS, Alpha 4 model, U.K.) by determining the absorbance of the element at 217nm wave length (as described by the manufacturers, Chemtech Analytical, U.K.). Concentration of the element was obtained from standard calibration plot for absorbance against standard lead concentrations (Appendix I).
Zooplankton Sampling: The zooplanktons were sampled with the aid of plankton net (made of bolting cloth with a fine mesh aperture, 20-60µm, with a small bottle container of 30 cm 3 capacity attached to its narrow end). The water sample collected at each site was always carefully emptied into a dark sample bottle of about 100cm 3 capacity and always rinsed with distilled water in-between samples to avoid contamination.
Centrifugation and Preservation of Zooplankton Samples:
The collected samples were further centrifuged in the laboratory at 1500 rpm using centrifuge machine (Centromix), Huddersfield, England). A portion of each of the samples above was examined fresh with the aid of a light microscope while the remaining was preserved with 4% formalin (Supplied by Sallymore (Nig.) Limited) for detailed microscopic analysis (Jeje and Fernando, 1986) .
Identification
and Counting of the Zooplanktons: The zooplankton samples collected from the river were observed and identified with the aid of light microscope (Olympus, Japan) and identification guides by Edmondson (1959) , Pennak (1978) , Jeje and Fernando (1986) , Patterson and Hedley (1992) and Mission Creek (2004) . Glycerine (Supplied by Sallymore (Nig.) Limited) and strong sugar solution were used as mountants for fastswimming organisms in order to slow down their movement and therefore make the identification and counting easier.
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Plankton abundance was estimated with the aid of a compound microscope (Olympus, Japan) as described by Nlewadim and Adeyemo (1998) (1985) seasonal variation in the lead concentration and zooplankton density during the wet (May -October) and dry seasons (November -April), and between the sites were compared using Analysis of Variance (ANOVA) for significant differences or otherwise. Similarly, Pearson Correlation Analysis was carried out to measure the degree of linear relationship between the lead and the zooplanktons (Meyer, 1998; and Maiti, 2004) . Also, Odum's Index was employed to assess the pollution status of the river based on the zooplankton data generated at the sampling sites.
RESULTS
The results of variations in lead concentration (mg/L) and total zooplankton density (Org/L) at the sampling sites are presented in Table 1and Org/L (December 2007; dry season) respectively. At site D the mean lead concentration decreased from 2.84 mg/L at site C to 2.04 mg/L. Similarly, the mean zooplankton density increased from 3.09 Org/L to 4.41 Org/L at this site. In addition, the zooplankton distribution across the months increased from 7 at site C to 13 at site D (Table 2) . However, the lead concentrations recorded at this site (site D) were generally higher than those at site A and B while the zooplankton densities were relatively lower. Comparison of lead concentrations at the different sites using analysis of variance (ANOVA) revealed significant difference (P<0.01) and between the seasons (P<0.05). However, no significant difference was found in the zooplankton availability with respect to sites and season (P>0.05). The Pearson Correlation analysis for the relationship between lead concentration and zooplankton density at the sampling sites in the Challawa River showed a negative correlation (r = -0.28734). Odum's Index (OI) computed to determine the pollution status of the river at the four sites showed that site A was the cleanest while site C was most polluted as the value of the index decrease with rise in pollution level (A = 0.78; B = 0.67; C = 0.22 and D = 0.44). (WHO, 1996) . This observation implies that inorganic loads into the river from domestic, agricultural and industrial sources along the river have high lead content coupled with the nature of its bed rock (Olofin, 1980; and Elliot, 1996) . The above results indicated that elevated lead levels in drinking water from this river can occur and possibly cause lead poisoning (NSC, 2005) . Indeed, as Redmond (2008) has reported that high lead concentration in the human body can reduce intelligence, delay motor development, impaired memory, cause hearing problems and troubles in balance, it follows that there is a great fear that lead poisoning can occur as a result of its bioaccumulation over time if raw water from the river is consumed over a long period of time.
The observation of double maxima in the total zooplankton density (Table 1) recorded from site A corroborate the reports of Ovie (1997) , and Okogwo and Ugwumba (2006) that plankton maxima may occur at any time of the year in the tropics, depending on the prevailing set of physical, chemical and biological conditions of the ecosystem.
. Generally, the unstable nature of the study sites seemed to be responsible for the fluctuations and sometimes complete absence of organisms during the study period. Moreover, even under favourable environmental conditions, zooplanktons such as Cladocera may be monocyclic or dicyclic, with one or two population maxima during the year (Pennak, 1978) . Cladocerans such as Daphnia pulex are also found to be rare in rapid streams and grossly polluted waters (Pennak, 1978) , thus, absent at site C. Additionally, some species, particularly rotifers, have been found to unaccountably disappear for one or more years although they are cosmopolitan in distribution (Pennak, 1978) , thus least diversity was recorded at site C (4 species only). Similarly, copepods are reported to be either absent or present in small numbers in streams and therefore rivers by extension (Pennak, 1978) and therefore none was recovered from site C and D, and only four species and one naplius I stage were recovered from site A and B. Consequently, the highest total density recorded among all the copepods during this study was 12.44 Org/L at site B (Table 2 ). In the same line, the zooplanktons identified were very low in population due to the above reasons coupled with their inability to maintain footing and therefore develop a stable community in lotic environment, which is fundamental for reproduction success as earlier reported by Dejen et al., (2004) and Ogbeibu and Edutie (2005) .
The re-emergence of 8 zooplankton species at site D (Table 2 ) down stream, seemed to indicate the ability of the river to undergo self purification (Gardner and Brooks, 1980) . The progressive decrease in the zooplankton density and diversity from site A to C could be attributed to the degrading quality of the river down stream, which subsequently contributes to water pollution with a lot of negative impact on some important aquatic fauna and flora (Akingide, 2000) . The above effects ranged from decreasing population of some individuals to extermination of others, where adaptation to the unfavourable changes could not be met by the affected species as observed particularly at site C and D during this study. Thus, least recovery from site C was probably due to its highest level of pollution (Biswas and Arar, 1998) . Also, the recovery of Chaoborus sp. (a macro-invertebrate) at site A, B and D (Table 2) is an indication of high turbulence rate of the river (Howick and Wilhm, 1984) since it is essentially a benthic organism.
CONCLUSION
It can be concluded that the low diversity and density in the zooplankton identified from Challawa River are clear indication of unstable aquatic community with negative effect on the aquatic fauna. In view of the above, appropriate authorities need to take measures with the view to reducing the pollution menace in the river particularly due to the industrial effluents. More over, consumption of raw Challawa River water can be of great health risk due to its high lead content and that necessary attention need to be paid to the purification processes in the waterworks so as to ensure a healthy community.
